To assess the diagnostic yield of the head-up tilt test and electrophysiology in different groups of patients with syncope of unknown origin established according to simple clinical criteria.
Introduction
Syncope is a common clinical problem [1] and in many cases causal mechanisms cannot be established. When diagnosis is not achieved after history, physical examination, ECG, carotid sinus massage and Holter monitoring, a head-up tilt test and electrophysiology are usually performed. It seems to be established from the literature data that electrophysiology is the most appropriate test in patients with structural heart disease [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , whereas a head-up tilt test could have its highest diagnostic yield in those without structural heart disease. However, despite the extensive body of literature [14, [22] [23] [24] [25] [26] [27] [28] [29] [30] [31] [32] [33] [34] [35] [36] [37] [38] , only a few studies [14, 26, 30, 31, 32] have attempted to define in which subgroups of patients with syncope of unknown origin, is positive diagnostic information with head-up tilt test more likely, or the yield of an integrated approach. Accordingly, in the present study we have tried to characterize the usefulness of head-up tilt testing and electrophysiology in different groups of patients with syncope of unknown origin established according to simple clinical data.
test. This investigation had been indicated by a cardiac team with an interest in syncope, who, at that time, had the policy of implementing a head-up tilt test in all patients with no obvious precipitating cause. Our institution is a tertiary hospital with an active emergency room, from which most of the population was admitted or referred to the Cardiology outpatient clinic. Work-up included history, physical examination, ECG, carotid sinus massage, Holter monitoring, echocardiogram (in selected patients), exercise stress testing (in selected patients), neurological evaluation and head-up tilt testing (performed in all patients). Electrophysiology was performed if clinically indicated, mostly in patients with organic heart disease, an intraventricular conduction defect or a suspicion of arrhythmia-related syncope. All studies were suggested by the attending physician for the purpose of patient care. However, there was general agreement about the suitability of the studies.
The head-up tilt test protocol used in this patient population was as follows: patients were placed in the supine position and an intravenous line was inserted; blood pressure was assessed by repeated measurements with an automatic sphygmomanometer (BP 103 N, Nippon Colin) every 2·5 min or more frequently if symptoms developed; the ECG was continuously monitored. Ten minutes after the insertion of the intravenous line, blood pressure and heart rate were measured, and after 5 min of stable heart rate and blood pressure in the supine position, patients were tilted to 75 for 30 min. If no positive response was elicited, an isoproterenol infusion was administered at a dose of 3 g . min 1 for 10 min and increased to 5 g . min 1 for an additional 10 min. The rate of infusion was adjusted so that the heart rate did not exceed 140 beats . min 1 . Head-up tilt testing was considered to be positive if syncope or presyncope developed in association with severe hypotension. A cardioinhibitory response was diagnosed when a heart rate lower than 60 beats . min 1 or a sinus pause longer than 3 s occurred at the moment of the positive response to the head-up tilt test.
The protocol used for electrophysiology was as follows: patients were in a non-sedated post-absortive state; multipolar electrode catheters were inserted percutaneously through femoral veins after local anaesthesia and positioned under fluoroscopic guidance at the high right atrium, at the right ventricular apex and in the region of the His bundle. Electrophysiology was directed to test sinus node function, atrioventricular conduction and to try to induce supraventricular or ventricular tachyarrhythmias, with programmed stimulation from the right ventricular apex, with up to three extrastimuli of three basic cycle lengths at 60, 500 and 400 ms. In those patients with an intraventricular conduction defect in the baseline ECG and a normal HV interval, ajmaline at a dose of 1 mg . kg 1 for 3 min was administered to unmask infrahisian conduction delays. The following data were considered as abnormal: corrected sinus node recovery time >550 ms, atrioventricular node effective refractory period >400 ms, HV interval >60 ms in the basal state or >100 ms or infrahisian block after ajmaline administration, pacing-induced infranodal block, induction of supraventricular tachycardia by atrioventricular nodal reentry or by accessory pathways and induction of sustained monomorphic ventricular tachycardia.
The patients were conventionally divided into groups and subgroups as follows: Group I consisted of patients who had had their first syncope at age c65 years, and group II consisted of patients with their first syncope at age >65 years. Each group was divided into four subgroups: A, patients who no organic heart disease and a normal ECG; B, patients with no organic heart disease and an abnormal ECG; C, patients with organic heart disease and a normal ECG; and D, patients with organic heart disease and an abnormal ECG.
Definitions
Vasovagal syncope was diagnosed when a head-up tilt test provoked a positive response with reproduction of symptoms of spontaneous syncopal episodes in patients with no abnormal findings in the other examinations. Paroxysmal atrioventricular block was suspected as a cause of syncope when the HV interval was longer than 55 ms or when atrial pacing elicited an infranodal block, and no other apparent causes of syncope could be demonstrated. Carotid sinus hypersentivity was diagnosed when carotid sinus massage provoked asystole longer than 3 s or significant hypotension with reproduction of clinical symptoms. Sick sinus syndrome was diagnosed in patients in whom Holter monitoring disclosed symptomatic sinus pauses or when electrophysiology discovered a definitive sinus node dysfunction. Situational syncope was diagnosed when syncopal episodes occurred during micturition, while coughing, laughing or defecating and no other apparent causes could be demonstrated (although some of these patients had a positive response to a head-up tilt test).
Results
This series included 600 consecutive patients (348 males, 252 females, age 12-90 years, mean 52 19). All had undergone a head-up tilt test and 247 electrophysiology. Their clinical features are summarized in Table 1 . There were 464 patients in group I (aged 65 years or less) and 136 in group II (aged more than 65 years). Tables 2, 3 and 4 show the clinical data, ECG findings and clinical characteristics of syncope in patients in groups I and II. Younger patients (group I) had more frequent syncopal episodes, more frequently had a normal ECG, and syncopal episodes were more frequently preceded by prodromal symptoms. Older patients (group II) more frequently had hypertension, diabetes, organic heart disease, abnormalities in the ECG and sudden syncopal episodes. Table 5 shows the number of patients included in each subgroup and the statistical differences in the distribution of patients of groups I and II in the different subgroups.
The head-up tilt test was positive in 265 (44%) of the 600 patients, and electrophysiology in 30 (12%) of the 247 patients in whom it was performed. Table 6 depicts the distribution of positive results of both tests in the different groups and subgroups previously described.
A positive response to the head-up tilt test was more common in group I than in group II (47% vs 33%, P<0·05, OR 1·8, CI 1·2-2·78). Furthermore, a cardioinhibitory response was more commonly elicited in group I (46% of the positive responses to head-up tilt test) than in group II (33%), although this difference is not statistically significant.
In contrast, electrophysiology was abnormal more often in group II than in group I (23% vs 7%, P<0·001, OR 3·7, CI 1·7-9·2). Abnormal findings at electrophysiology in the different subgroups were as follows: subgroup IA: one case of sinus node dysfunction, one case of prolonged H-V interval and one case of infrahisian atrioventricular block under atrial stimulation; subgroup IB: three cases of prolonged H-V and two cases of infrahisian block under atrial stimulation; subgroup IC: one case of sinus node dysfunction; subgroup ID: one case of sinus node dysfunction, one case of prolonged H-V and one case of sustained monomorphic ventricular tachycardia; subgroup IIB: six cases of prolonged H-V and four cases of infrahisian atrioventricular block under atrial stimulation; subgroup IIC: one case of 
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sustained monomorphic ventricular tachycardia; subgroup IID: one case of sinus node dysfunction, two cases of prolonged H-V interval, and four cases of monomorphic sustained ventricular tachycardia. A positive response to the head-up tilt test was more common in subgroup A (49%, 175/355) vs B+C+D (37%, 90/241) (P<0·008, OR 1·6). The lowest rate of positive responses to a head-up tilt test was observed in older patients with organic heart disease and an abnormal ECG (group II, D) (7/38, 18%). The diagnostic yield of electrophysiology was higher in patients with an abnormal ECG (subgroup B+D, 25/114, 22%) than in those with a normal ECG (subgroups A+C, 5/133, 3·7%) (P<0·0005, OR 7·1), and it was especially low in patients without organic heart disease and a normal ECG (group A) 3/114, 2·6%).
In addition to information provided by the head-up tilt test and electrophysiology, Holter monitoring discovered significant arrhythmias in 11 patients in group I (five sinus node dysfunction, two cases of paroxysmal atrioventricular block [in both cases electrophysiology had indicated a prolonged atrioventricular interval] and four ventricular tachycardias), and in 11 patients in group II (two sinus node dysfunction, seven cases of paroxysmal atrioventricular block and two ventricular tachycardias). Carotid sinus massage was positive in 13 patients in group I, and in eight patients in group II.
The diagnoses at discharge in groups I and II and in different subgroups are shown in Tables 7 and 8 .
Follow-up
Five hundred and sixty-seven patients were followed-up for 21 13 months. Syncope relapses occurred in 24% of the group of patients as a whole. During follow-up A: no organic heart disease, normal ECG; B: no organic heart disease, abnormal ECG; C: organic heart disease, normal ECG; D: organic heart disease, abnormal ECG.
( Tables 9 and 10 ) a new diagnosis was established in eight patients in group I (vasovagal syncope in four patients, epilepsy in three and paroxysmal supraventricular tachycardia in one patient) and in one patient in group II (atrioventricular block). Twenty-five patients died, 14 in group I and 11 in group II (Table 11 ). The most frequent causes of death were organic heart disease (eight patients) and malignancy (six patients). Sudden unexplained death occurred in two patients in group I; in both of them diagnostic work-up during hospital admission had been unsuccessful.
Discussion
Syncope, one of the most challenging symptoms that the cardiologist is called upon to evaluate, can be caused by an extensive array of mechanisms [1] . Although in some cases the mechanism of syncope can be easily established by history, physical examination, ECG, carotid sinus massage or Holter monitoring, in a significant proportion of patients the cause of syncope remains elusive after the initial medical evaluation. These patients are considered to have syncope of unknown origin, and then the performance of a head-up tilt test or electrophysiology are usually considered. However, these tests are either expensive, not universally available or time consuming and cannot be offered in an unselected way to all patients. Patients with syncope of unknown origin constitute a rather heterogeneous group and it appears sensible to try to establish in which subgroups are the head-up tilt test (directed to unmask vasovagal syncope) or electrophysiology (directed to detect arrhythmogenic SSS=sick sinus syndrome; CSH=carotid sinus hypersensitivity; AV=atrioventricular; VT= ventricular tachycardia. The total number of diagnoses is higher than the total number of patients because 14 patients in group I had more than one diagnosis at hospital discharge (nine vasovagal and situational, four situational and unknown, and one atrioventricular block and carotid sinus hypersensitivity), and four patients in group II had more than one diagnosis at hosiptal discharge (one vasovagal and situational, two situational and unknown and one atrioventricular block and carotid sinus hypersensitivity). SSS=sick sinus syndrome; CSH=carotid sinus hypersensitivity; A-V=atrioventricular; VT= ventricular tachycardia. The total number of diagnoses is higher than the total number of patients, as explained in the footnote to Table 7 . A=no organic heart disease, normal ECG; B=no organic heart disease, abnormal ECG; C=organic heart disease, normal ECG; D=organic heart disease, abnormal ECG.
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syncope) more appropriate. Although any pre-defined subgroup is inevitably conventional to some extent, it is evident that some clinical data may be markers for the different aetological categories. These clinical data should be relatively simple in order to be useful in everyday practice.
In the present study we looked at the diagnostic yield of head-up tilt test and electrophysiology in subgroups of patients with syncope of unknown origin established by criteria of age, presence of organic heart disease or abnormalities of the ECG. Our results show that there are significant differences in the rate of positive results among the subgroups. First, the rate of positive responses to the head-up tilt test was higher in younger patients and in patients with a normal ECG and without organic heart disease (49%), while older patients with an abnormal ECG and with organic heart disease had the lowest rate of positive responses (18%). In contrast, the diagnostic yield of electrophysiology was higher in older patients, in patients with organic heart disease and with an abnormal ECG (26%); it was lowest in patients without organic heart disease and with a normal ECG (2·6%).
The findings of our study are not unexpected and must be related to the different prevalence of vasovagal syncope or arrhythmogenic syncope in the different groups and subgroups. As shown in Tables 2, 3 and 4, older patients (group II) had a higher rate of hypertension, diabetes, organic heart disease, abnormal ECG and sudden syncopal episodes, while younger patients more frequently had normal hearts, a normal ECG and syncopal episodes preceded by autonomic symptoms. Accordingly, younger patients predominated in subgroup A and older patients in subgroups B and D (Table 5) . Patients belonging to subgroup A (no organic heart disease, normal ECG) were more likely to have vasovagal syncope and, consequently, a positive response to head-up tilt test, while the possibility of syncope due to atrioventricular block or ventricular arrhythmias was very low. In contrast, in patients belonging to subgroup B (abnormal ECG, mainly bundle branch block) and D (organic heart disease and abnormal ECG) the probability of arrhythmogenic syncope was comparatively higher. Vasovagal syncope is a rather uncommon cause of syncope in older patients with organic heart disease and an abnormal ECG; consequently, patients belonging to subgroup II D exhibited the lowest rate of positive responses to the head-up tilt test.
Since its introduction in clinical practice in 1986 by Kenny et al. [22] , head-up tilt testing has been widely used in the evaluation of patients with syncope of unknown origin [14, 23, 35] , providing positive results in 26% to 86%. This wide variation may be due to differences in methodology or to differences among the populations studied. Surprisingly, in only a few studies is mention made of the characteristics of the patients with the higher rates of positivity. Waxman et al. [26] mentioned a higher rate of positive responses to head-up tilt testing in young patients. Fitzpatrick et al. [30] found a positive response in 10 (19%) of 53 patients with organic heart disease and in nine (50%) of 18 patients without. Grubb et al. [31] correlated the positive results to head-up tilt test with the number of syncopal episodes in the preceding 6 months; age was not a predictive variable, but this study included only 25 patients. Moya et al. [32] , in a series of 76 consecutive patients, found that a positive response to head-up tilt test was more common in patients whose syncopal episodes had been preceded by autonomic symptoms (33 of 44, 75%) as compared with patients without prodromal symptoms (12 of 32, 37%). In the series of Sra et al. [14] a positive response to A=no organic heart disease, normal ECG; B=no organic heart disease, abnormal ECG; C=organic heart disease, normal ECG; D=organic heart disease, abnormal ECG. A-V=atrioventricular; *in these patients a previous head-up tilt test had been negative. A=no organic heart disease, normal ECG; B=no organic heart disease, abnormal ECG; D=organic heart disease, abnormal ECG.
head-up tilt test was obtained in 40% of patients without organic heart disease and with a normal ejection fraction, but the test was not performed in groups of patients with other characteristics. In some reports [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , the diagnostic yield of electrophysiology for patients with syncope of unknown origin varies between 0% and 77%. This wide oscillation is clearly related to the characteristics of the population studied. Globally, the diagnostic yield of electrophysiology varies between 0%-20% in patients without organic heart disease [3, 10] , and between 18%-75% in patient with organic heart disease [6, 7, 9] . Predictors of positive electrophysiology are age [15, 18] , organic heart disease [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] , myocardial infarction [8, 11, 13, 18] , reduced ejection fraction [11, 14, 18] , bundle branch block [11, 13, 16] , sinus bradycardia [16] and first degree atrioventricular block on the ECG [16] . Although in the present study the approach to this problem is quite different, our results agree with those previously reported, as we found a higher rate of positive results from electrophysiology in older patients with organic heart disease and with an abnormal ECG, while in patients without organic heart disease and a normal ECG, the diagnostic yield of electrophysiology was very low. It is worth mentioning that in patients belonging to subgroups IB and IIB (mainly constituted by patients with bundle branch block) the predominant abnormal findings at electrophysiology consisted of a prolonged HV interval and infrahisian atrioventricular block with atrial pacing, while ventricular tachycardia was concentrated in patients belonging to subgroups ID and IID. These findings apparently agree with the study by Bachinsky et al. [16] , who found that organic heart disease was a predictor of ventricular tachycardia and bundle branch block a predictor of bradyarrhythmias.
The virtually complete 21-month follow-up in this large study population meant that the efficacy of the diagnostic work-up could be assessed. The low rate of new diagnoses suggests that the adequacy of the initial evaluation was acceptable, while the two sudden deaths point to the still unsatisfactory nature of the available procedures for assessing patients with syncope.
Limitations
The main limitations of the present study are, first, its retrospective character and, second, the inclusion of only patients in whom the head-up tilt testing was performed. However, the resulting selection bias probably does not invalidate the study results because: (a) the usual practice in most centres in which head-up tilt testing is available is to perform the test in most patients who are referred for evaluation of syncope of unknown origin, and (b) at the time of the study, head-up tilt testing was consistently indicated by the attending physicians in patients without an obvious cause for syncope. Another limitation of the study is that the indication for electrophysiology was subject to the attending SSS=sick sinus syndrome; CSH=carotid sinus hypersensitivity; VT=ventricular tachycardia; A-V=atrioventricular; A=no organic heart disease, normal ECG; B=no organic heart disease, abnormal ECG; C=organic heart disease, normal ECG; D=organic heart disease, abnormal ECG.
Yield of head-up tilt test and electrophysiology 863
cardiologist's criterion within the general work-up guideline reported in the Methods section. In patients without organic heart disease and a normal ECG, the indication for this test is more dependent on the personal decision of the attending physician. On the other hand, in individual patients with an abnormal ECG or organic heart disease, data from history, ECG and other studies, and the positive or negative results of head-up tilt testing certainly might have had an influence on the decision to perform electrophysiology. Thus, our study reflects more the conditions in clinical practice than the results of an experimental design.
Clinical implications
The present study shows that in patients with syncope of unknown origin the diagnostic yield of head-up tilt testing and electrophysiology can be established according to simple clinical data (age of the first syncope, presence of organic heart disease and ECG findings). We think that the data of the present study are relevant for helping to select the most appropriate test in a specific patient.
